Abstract. Two-photon exchange is believed to be responsible for the discrepancies in the proton electric to magnetic form factor ratio found with the Rosenbluth and polarization transfer methods. If this explanation is correct, one expects significant differences in the lepton-proton cross sections between positrons and electrons. The OLYMPUS experiment at DESY in Hamburg, Germany was designed to measure the ratio of unpolarized positron-proton and electron-proton elastic scattering cross sections over a wide kinematic range with high precision, in order to quantify the effect of two-photon exchange. The experiment used intense beams of electrons and positrons stored in the DORIS ring at 2.0 GeV interacting with an internal windowless hydrogen gas target. The current status of the OLYMPUS experiment will be discussed.
Introduction
Electron scattering has been an important tool for studying the structure of nucleons. The strength of the technique lies in the predominantly electromagnetic nature of the interaction. The mediating photon is sensitive to the nucleon's internal distribution of charge and magnetism, parameterized by form factors G E and G M . At higher momentum transfers, deep inelastic scattering reveals the distributions of the quarks and gluons, which are ultimately responsible for the observed form factors. The synthesis of data at all different momentum scales can verify and guide our theoretical understanding of the nucleon.
For several decades, the electric and magnetic proton form factors have been studied, using the procedure proposed by Rosenbluth [1] , by measuring the unpolarized ep cross-sections [2] . Recently, measurements of the electric to magnetic form factor ratio of the proton, µ p G p E /G p M , using polarization techniques [3] have shown a dramatic discrepancy at high four-momentum transfer, Q 2 , in comparison with the ratio obtained using the traditional Rosenbluth, as shown in Fig. 1 . This discrepancy might arise from a significant contribution to the elastic electron-proton cross section from hard two-photon exchange [6] , a process that is neglected in the standard radiative corrections procedures. Since there is no theoretical consensus on the size of this contribution [6, 7] , definitive measurements are needed to determine if two-photon exchange resolves the form factor discrepancy.
To address this question, the OLYMPUS experiment was proposed to measure the ratio between the positron-proton and electron-proton elastic scattera e-mail: uwe. [2] and recent data collected using polarization techniques [3, 4] . Also shown are two recent parametrizations [5] . Right: The e + p to e − p cross sections ratio at 2 GeV beam energy versus along with previous data [9] , various theoretical predictions [6] [7] [8] and the projected OLYMPUS uncertainties.
ing cross sections. In the single-photon exchange approximation this ratio is unity. At next-to-leading order, the interference of the one-photon and twophoton exchange diagrams changes sign between electron and positron scattering. The two photon exchange effect is expected to depend on the lepton scattering angle, θ, or virtual photon polarization, = [1+2(1+
where M p is the proton mass. Measurements from the 1960s indicated some deviation in the ratio from unity, but the uncertainties were large, as can be seen in Fig. 1 . OLYMPUS seeks to measure the ratio with uncertainty of less than 1% over the range 0.4 (GeV/c) 2 ≤ Q 2 ≤ 2.2 (GeV/c) 2 for a single beam energy E = 2.01 GeV. A detailed description of the experiment is given in [10] .
The OLYMPUS Experiment
OLYMPUS was approved for three months of dedicated operation at the DORIS electron/positron storage ring at DESY, in Hamburg, Germany. An overview of the detector is given in Fig. 2 . In the DORIS ring, beams of electrons or positrons were directed on an internal hydrogen gas target, with the scattered leptons and recoiling protons detected in coincidence over a wide range 
The former BLAST detector [11] was shipped from MIT-Bates to DESY and placed around the target. The detector used a toroidal magnetic field with a left/right symmetric arrangement of tracking detectors and time-of-flight scintillation counters. The tracking detectors consisted of drift chambers, which were used to measure the momenta, charges, scattering angles, and vertices of out-going charged particles. They were located in the horizontal sectors of the toroid. Each sector contained three drift chambers joined together by two interconnections, forming a single volume, minimizing dead material by only requiring one entrance and one exit window. The time-of-flight detector consisted of 18 vertical scintillation bars, in each sector read out by photo-multiplier tubes mounted at both ends. Their main purpose was to provide a trigger for elastic events. In addition, they were used for particle identification in the data analysis. Three new detector systems were designed and built to monitor the luminosity during the operation of the experiment and for providing an independent and redundant determination of the offline luminosity. Two tracking telescopes mounted at θ = 12 o were used to measure the rate of small angle elastic scattering events, where the cross-section contribution of the two photon exchange is expected to be negligible. These telescopes consisted of three triple GEM detectors and three MWPC detectors on each side. A completely independent system, symmetric Møller/Bhabha calorimeters consisting of radiation hard lead fluoride crystals, were positioned at 1.29 o , very close to the beam line. The advantage of this additional luminosity monitor was, that cross-sections for these processes (Møller/Bhabha scattering) are precisely calculable from QED, and that the event rates were very high, providing a fast luminosity measurement with negligible statistical uncertainties. Due to the high rate dedicated readout electronics was used, not contributing to the dead-time of the DAQ system.
The OLYMPUS experiment collected data in two periods: the February period (January 20 -February 27, 2012) and the fall period (October 24, 2012 -January 2, 2013). During the February period, the beam species was typically changed daily, and the magnet polarity was changed randomly, but equally, every 6 hours. For the February data run, there was an internal leak in the target gas supply that caused only a fraction of the measured flow to reach the target cell. Because of this, a lower than expected luminosity was obtained. The gas leak was repaired in the summer so that it was possible to achieve high luminosity in the fall period. However, it was discovered that at high luminosity and negative magnet polarity, corresponding to outbending negative particles, too many low energy electrons were bent into the drift chambers, preventing their operation. After several tests and attempts to remedy this, it was decided to operate at high luminosity but primarily with positive magnet polarity for most of the fall period.
Besides the very efficient operation of the detector, the excellent performance of the accelerator was a major ingredient for the successful data taking. During the second run, DORIS was operated in top-up injection mode, which allowed the target density to be increased beyond the design value. An integrated luminosity of 4.1 f b −1 was achieved, exceeding the goal for the experiment of 3.6 f b −1 . After the end of data taking in early January 2013, a one-month cosmic ray run, an optical survey of the detector positions, and a complete remapping of the magnetic field were performed in order to improve the understanding and performance of the detector. In addition, the beam position monitors next to the target chamber were calibrated, since the a precise knowledge of the beam position is important for the luminosity measurement with the symmetric Møller/Bhabha calorimeters.
The main focus has now shifted to the analysis of the data. The determination of the two-photon exchange is essentially done by counting the number of elastic lepton-proton scattering events as a function of the scattering angle normalized to the respective luminosity and then calculating the ratio for positron and electron beams. This is compared with Monte Carlo studies incorporating radiative corrections and the performance of the detector. The detector acceptances, efficiencies, and luminosity have to be understood at the one percent level, although some errors will cancel when the ratio is taken. The analysis of the data is now in progress.
